Background-Since the broad dissemination of practice guidelines, the association of specialty care with the treatment of patients with acute coronary syndromes has not been studied. Methods and Results-We evaluated 55 994 patients with non-ST-segment elevation acute coronary syndromes (ischemic ST-segment changes and/or positive cardiac markers) included in the CRUSADE (Can Rapid Risk Stratification of Unstable Angina Patients Suppress Adverse Outcomes With Early Implementation of the ACC/AHA Guidelines) Quality Improvement Initiative from January 2001 through September 2003 at 301 tertiary US hospitals with full revascularization capabilities. We compared baseline characteristics, the use of American College of Cardiology/ American Heart Association guidelines class I recommendations, and in-hospital outcomes by the specialty of the primary in-patient service (cardiology versus noncardiology). A total of 35 374 patients (63.2%) were primarily cared for by a cardiology service, and these patients had lower-risk clinical characteristics, but they more commonly received acute (Յ24 hours) medications, invasive cardiac procedures, and discharge medications and lifestyle interventions. Acute care processes were improved when care was provided by a cardiology service regardless of the propensity to receive cardiology care. The adjusted risk of in-hospital mortality was lower with care provided by a cardiology service (adjusted odds ratio 0.80, 95% confidence interval 0.73 to 0.88), and adjustment for differences in the use of acute medications and invasive procedures partially attenuated this mortality difference (adjusted odds ratio 0.92, 95% confidence interval 0.83 to 1.02).
R andomized clinical trials have produced valuable insights into the treatment of patients with non-STsegment elevation (NSTE) acute coronary syndromes (ACS), insights that have been summarized into practice guidelines by the American College of Cardiology (ACC) and American Heart Association (AHA). 1, 2 Studies from the last decade demonstrated that patients with acute myocardial infarction (MI) cared for by a cardiology inpatient service were more likely to receive guidelines-Clinical Perspective p 1161 based treatment. 3, 4 Since these studies were performed, however, multiple parties, including the government, insurance companies, managed care organizations, academic organizations, and professional societies, have contributed to regional and national quality improvement programs designed to promote guidelines-based care for patients with ACS. [5] [6] [7] [8] Whether these efforts have reduced or eliminated differences in treatment patterns for ACS by physician specialty remains unknown.
We sought to determine the contemporary relationship between the specialty of the inpatient service and processes of care and outcomes in patients with NSTE ACS included in the CRUSADE (Can Rapid risk stratification of Unstable angina patients Suppress ADverse outcomes with Early implementation of the ACC/AHA guidelines) Quality Improvement Initiative. Our specific goals were to (1) describe differences in patient characteristics according to whether care was provided by a cardiology or a noncardiology service, (2) evaluate differences in guidelines-recommended treatments and clinical outcomes among patients cared for by a cardiology service versus those cared for by a noncardiology service, and (3) delineate how differences in processes of care by the specialty of the inpatient service are associated with clinical outcomes.
Methods

Patient Inclusion Criteria
Patients included in the CRUSADE initiative presented with ischemic symptoms (Ն10 minutes) at rest within 24 hours of hospital presentation and had at least 1 of the following diagnostic features recommended by the ACC/AHA guidelines to distinguish patients with an increased risk of adverse outcomes: ST-segment depression Ն0.5 mm, transient ST-segment elevation 0.5 to 1.0 mm (which lasted for Ͻ10 minutes), and/or positive cardiac markers (elevated troponin I or T and/or creatine kinase [CK]-MB greater than the upper limit of normal for the local laboratory assay used at each institution). 1 Transfer-in patients were included if they were transferred in within 24 hours of the time of presentation to the outside hospital.
Data Collection and Quality
Hospitals participating in CRUSADE collect detailed process-ofcare and in-hospital outcomes data through retrospective chart review. Data are collected anonymously during the initial hospitalization, and because no patient identifiers are collected, patient informed consent is not required. The institutional review board of each institution approves participation in CRUSADE.
Participating institutions are instructed to submit consecutive eligible patients to the CRUSADE database. Data are abstracted by a trained data collector using standardized definitions. Data collected include patient characteristics, the use of acute medications (within 24 hours of presentation), use and timing of invasive cardiac procedures, laboratory results, physician and hospital characteristics, and discharge therapies and interventions. Data collectors at participating sites were trained before commencing participation in CRU-SADE with regard to the definitions of all variables and medication contraindications listed on the data collection form (see Appendices I and II in the online Data Supplement). For patients who were transferred into a CRUSADE hospital and who met the inclusion criteria, data collectors were instructed to utilize medical records from the outside hospital to account for data relating to the initial hospital presentation and for data concerning the administration of acute (Յ24 hours) medications before transfer in.
The specialty of the primary inpatient service was defined by the sites on the basis of the admitting service and the specialty of the physician who had the most frequent and consistent notations in the medical record. Data collectors were instructed to choose 1 of the following 2 options for the specialty of the primary inpatient service: cardiology or the composite of family practice/internal medicine/ other. Data collectors were also instructed to record whether a formal cardiology consultation was performed (beyond the mere performance of a cardiac procedure) for patients primarily cared for by a noncardiology service.
Various procedures have been established to maintain and monitor the quality of data submitted to the CRUSADE database. At data entry and during quarterly quality control analyses, values that exceed expected ranges are flagged and excluded from analyses. Additionally, sites receive a quarterly report summarizing data quality problems.
Data quality was also verified with a random sampling of 5% of the patients included in CRUSADE (nϭ220) within the first 6 months of data collection. The overall accuracy of audited records was 94.8%. The overall degree of missing data averaged Ϸ5% across all collected data elements, but variables such as age and gender were missing in Ͻ0.5% of all audited cases.
Chart Abstraction
We performed a detailed abstraction of 85 patient charts that were randomly selected from a larger group of charts that were collected from sites participating in CRUSADE for an ongoing chart abstraction project. A single reviewer (MTR) independently reviewed each chart and confirmed that the specialty of the inpatient service denoted on the data collection form was accurate in all cases (100%). Data on the characteristics of the presenting symptoms, comorbidities, timing of the first documentation of a positive cardiac marker, and the primary clinical condition on presentation that were not collected on the data collection form were abstracted to provide a more in-depth characterization of patients primarily cared for by a cardiology versus a noncardiology service.
Processes of Care
We examined guidelines recommendations for acute care (Յ24 hours from admission) designated as class IA or class IB by the ACC/AHA guidelines, including the administration of aspirin or clopidogrel (if aspirin was contraindicated), ␤-blockers, lowmolecular-weight or unfractionated heparin, and platelet glycoprotein IIb/IIIa inhibitors. 1, 2 We also evaluated the use and timing of cardiac catheterization and revascularization procedures given the class IA designation for early invasive management in the most recent version of the ACC/AHA guidelines. 2 Class IA or IB recommendations for discharge care included aspirin; clopidogrel; ␤-blockers; ACE inhibitors for patients with heart failure (ejection fraction Ͻ40%), diabetes mellitus, or hypertension; and lipidlowering agents (for patients with hyperlipidemia or low-density lipoprotein cholesterol Ͼ100 mg/dL). 1 Contraindications were collected for each medication class and are listed in Appendix II.
Analysis Cohort
We chose to evaluate only those patients admitted to tertiary hospitals with full revascularization capabilities (percutaneous coronary intervention and coronary artery bypass grafting) because we could not collect patient information after interhospital transfer and to eliminate confounding related to the availability of invasive cardiac procedures. From January 2001 (beginning of data collection for CRUSADE) through September 2003, 57 800 NSTE ACS patients were included in the CRUSADE database from 301 hospitals with full revascularization capabilities in 45 states across the United States. We excluded 1334 patients (2.3%) who were transferred to other hospitals because complete in-hospital outcomes were not available and 472 patients (Ͻ1%) with missing data on the primary inpatient service, which left 55 994 patients in the final analysis population. The transfer-out rates were 2.9% for patients who received care from a noncardiology service and 2.0% for patients who received care from a cardiology service.
Statistical Methods
Patient demographics, clinical characteristics, care patterns, and in-hospital outcomes were compared among patients cared for by a cardiology service versus those cared for by a noncardiology service (internal medicine, family practice, or other). To test for independence of care by a cardiology service and patient characteristic, care patterns, and outcomes, Mantel-Haenszel 2 test was used with control for hospital site.
Because care provided by a cardiology service is not assigned randomly in clinical practice, we used 2 separate statistical methods to adjust for potential confounding in the treatment and outcome comparisons in the present study. In our primary analyses, we used a generalized estimating equation (GEE) method to adjust for patient and hospital characteristics, including patient age, female sex, body mass index, white race, insurance status, family history of premature coronary artery disease, hypertension, diabetes mellitus, current/ recent smoker, hypercholesterolemia, prior MI, prior percutaneous coronary intervention, prior coronary artery bypass grafting, prior heart failure, prior stroke, renal insufficiency, ST-segment depression, transient ST-segment elevation, positive cardiac markers, clinical signs of heart failure on presentation, presenting heart rate and systolic blood pressure, academic/teaching institution, total number of hospital beds, and geographic region within the United States. 9 The GEE method was used because patients admitted in the same hospital tend to be more similar to each other than those in different hospitals (ie, within-hospital clustering of responses). Odds ratios and 95% confidence intervals were presented for care provided by a cardiology service to examine the variation of the strength of its influence on treatment patterns and clinical outcomes.
In addition, we reported the standardized mortality rates to compare the absolute differences in mortality rates between patients cared for by a cardiology service and those cared for by a noncardiology service. From the mortality model that adjusted for patient and hospital characteristics, we obtained the probabilities of inhospital mortality. We then calculated a standardized mortality rate by dividing the sum of observed mortality (observed) by the sum of predicted probabilities of mortality (expected) among patients cared for by a cardiology service and those cared for by a noncardiology service and multiplied each observed-to-expected ratio by the mortality rate from the overall population.
Our secondary analyses used propensity methodology to compare patient subgroups with similar likelihood for care by a cardiology service. 10 Specifically, a multivariable model was developed to determine patient and hospital factors significantly associated with care by a cardiology service. We categorized patients into 5 equal groups that ranged from those with the lowest propensity for care by a cardiology service (group 1) to those with the greatest propensity for care by a cardiology service (group 5). We then explored acute (Յ24 hours) treatment patterns and use of catheterization Յ48 hours after presentation across the 5 propensity groups and displayed rates of unadjusted in-hospital mortality according to care by a cardiology service versus care by a noncardiology service within each of these 5 groups.
Finally, to examine whether treatment-related differences accounted for differences in mortality according to whether or not care was provided by a cardiology service, we performed stepwise adjustment modeling with the following covariates: (1) patient characteristics, (2) patient and hospital characteristics, (3) patient and hospital characteristics plus use of acute (Յ24 hours) medications (aspirin, clopidogrel, ␤-blocker, unfractionated/low-molecularweight heparin, and glycoprotein IIb/IIIa inhibitors) and individual contraindications for acute medications, and (4) patient and hospital characteristics, acute medications, medication contraindications, and catheterization Յ48 hours after presentation.
A probability value Ͻ0.05 was considered significant for all tests. All analyses were performed with SAS software (version 8.2, SAS Institute, Cary, NC).
The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
Specialty of Inpatient Service
A total of 35 374 (63.1%) of 55 994 patients were primarily cared for by a cardiology inpatient service. During the study time period, the overall percentage of patients cared for by a cardiology service did not vary significantly by quarter and was consistently between 61% and 65%. At the hospital level, the percentage of patients primarily cared for by a noncardiology inpatient service varied widely ( Figure 1 ). A total of 12 685 patients (22.7%) were transferred in from an outside hospital.
Patient Features by Primary Inpatient Service
Patient and hospital characteristics according to the specialty of the primary inpatient service in the overall sample of 55 994 patients are shown in Table 1 . Data from the chart abstraction project obtained from 85 patient charts demonstrate that the characteristics of the presenting symptoms and the timing of documentation of the first positive cardiac marker were similar regardless of the primary inpatient service ( Table 2) . Patients primarily cared for by a noncardiology service were more likely to have a documented "do-not-resuscitate" status. The primary clinical condition on hospital presentation was not related to ACS in Ϸ15% of the patients regardless of the primary inpatient service. In the multivariable model generated from the overall sample of 55 994 patients, factors most strongly associated with care by a cardiology inpatient service included slower presenting heart rate, younger age, male sex, prior revascularization procedures, ischemic ST-segment changes, and lack of renal insufficiency, prior heart failure, diabetes mellitus, or prior stroke (Table 3 ).
Medication and Procedural Utilization
Patients cared for by a cardiology inpatient service were more likely to receive short-term (Յ24 hours) and discharge medications and to undergo invasive cardiac procedures (Table 4 ). Similar findings were demonstrated when the population was restricted to the 49 700 patients with NSTE MI (positive cardiac markers).
Effect of Cardiology Consultation on Care Processes
Among the 20 620 patients primarily cared for by a noncardiology service, 18 733 (90.9%) had a cardiology consulta-Distribution of the percentage of patients primarily cared for by a noncardiology service across the participating hospitals. X-axis denotes the percentage of patients cared for by a noncardiology service in relation to the total number of patients submitted from each hospital, and y-axis denotes the percentage of hospitals for each category on the x-axis.
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tion performed during the hospitalization, 1430 (6.9%) did not have a consultation, and 457 (2.2%) had missing data on cardiology consultation. The short-term use (Յ24 hours) of aspirin (92.2% versus 82.4%), heparin (80.2% versus 52.7%), glycoprotein IIb/IIIa inhibitors (25.5% versus 3.7%), clopidogrel (34.7% versus 15.0%), and early catheterization Յ48 hours after presentation (37.4% versus 4.1%) was higher among those patients with than those without a consultation.
In-Hospital Outcomes
The frequency of adjusted in-hospital death, reinfarction, and transfusion was lower in patients who received care from a cardiology inpatient service ( Table 5 ). Similar findings were demonstrated when the population was restricted to the 49 700 patients with NSTE MI (positive cardiac markers). The in-hospital mortality rate for the 472 patients who were excluded due to missing data on the specialty of the primary inpatient service was 8.7%.
Propensity Analysis and Care Processes
Among the 5 propensity groups, the average percentage of patients cared for by a cardiology inpatient service ranged from 47% in group 1% to 83% in group 5. Within each propensity group, patients cared for by a cardiology inpatient service were more likely to receive acute (Յ24 hours) medications and cardiac catheterization within 48 hours, but medication use decreased for both in-patient services as the propensity to receive cardiology care decreased ( Table 6 ).
Association of Care Processes With Mortality
After adjustment for patient and hospital characteristics in the overall sample of 55 994 patients, the risk of mortality was significantly lower among patients cared for by a cardiology service (adjusted odds rato 0.80, 95% confidence interval 0.73 to 0.88; Table 4 ). After adjustment for differences in the use of acute (Յ 24 hours) medications, individual patient contraindications to acute medications, and the use of cardiac catheterization within 48 hours, the mortality difference was partially attenuated (adjusted odds ratio 0.92, 95% confidence interval 0.83 to 1.02).
Discussion
We have demonstrated that in contemporary practice, nearly 40% of patients with NSTE ACS were primarily cared for by a noncardiology service at tertiary hospitals with full revascularization capabilities. Patients cared for by a noncardiology service were older and had more comorbidities, were less likely to receive guidelines-recommended medications and invasive procedures, and had a higher risk of mortality.
Explanations for Treatment Differences by Specialty
Differences in treatment patterns by specialty demonstrated in the present analysis are likely related to multiple factors. First, patients who received care from a noncardiology service were older and had a greater burden of comorbid medical conditions than patients cared for by a cardiology service, so many of these patients may not have been ideal candidates for guidelines-recommended treatments and may have had undocumented medication contraindications that were not accounted for in the present analyses. Second, we demonstrated that the percentage of patients primarily cared for by a noncardiology service varied significantly across the participating hospitals, so hospitals likely did not have a standard approach for determining which patients were admitted to a noncardiology service. There may thus have been a selection bias for the disposition of "healthier" patients, who would be expected to be better candidates for evidencebased therapies, for care by an inpatient cardiology service. Finally, most (91%) of the patients in the present analysis who were treated by a noncardiology service received a cardiology consultation, but differences in treatment patterns were still demonstrated by specialty, which indicates that patient comorbidities and undocumented medication contraindications may have influenced treatment decisions to a greater degree than input from cardiologists. 11 Therefore, evaluation of the association of specialty care with the disposition and treatment of NSTE ACS patients is very complicated.
Methodology for Examining the Effect of Specialty Care on Outcomes
Studies that have examined the influence of specialty care on the outcomes of patients with a variety of medical conditions have yielded conflicting results, most likely due to methodological shortcomings. In a recent meta-analysis of 49 studies, those studies that favored specialist care over generalist care frequently did not account for differences in case mix to adjust for selection biases, did not adjust for the effects of differences in practice environments, and did not consider case volume or physician experience to quantify the expertise of specialists. 12 With regard to the influence of cardiology care on patients with ACS and acute MI, prior studies have shown that differences in case mix can bias treatment patterns and confound calculations for survival advantages for the type of patients cared for by cardiologists, because such patients usually have a lower burden of comorbidities. 13, 14 However, when measured and unmeasured confounding was accounted for with advanced statistical techniques, cardiology care was not associated with a mortality reduction for patients with acute MI but was associated with improved use of evidence-based therapies. 15 Conversely, the present results and those from another study 14 have shown that improved use of evidence-based therapies among ACS and acute MI patients partially explains differences in mortality by specialty. Furthermore, other studies have shown that higher composite quality scores for the treatment of patients with ACS and acute MI are associated with lower mortality rates, but the proportion of patients with acute MI considered to be ideal or eligible for guidelines-recommended therapies has decreased over the last decade with an aging population that has more comorbidities. 16 -18 The challenge, therefore, is to develop research techniques that more accurately delineate how cardiology care and consultation between cardiologists and generalists influence the outcomes and treatment patterns of the increasingly complex population of patients with ACS and acute MI.
Study Limitations
Several limitations were present with this analysis. First, we did not collect detailed information regarding physician treatment decisions for individual patients, so we could not precisely determine how patient and hospital characteristics influenced care patterns and influenced the disposition of patients to cardiology and noncardiology services, even with a dedicated chart abstraction project within the context of this analysis. Second, documentation of medication contraindications may have varied by physician and hospital, which may have confounded our analyses of medication use in "ideal" candidates. Third, we did not collect contraindications to cardiac catheterization, because these are not well-specified in practice guidelines and often are dynamic as patients' clinical characteristics change during the hospitalization. Fourth, we did not survey participating hospitals to determine whether differences existed in the quality improvement infrastructure or decision support systems for cardiology versus noncardiology inpatient services (such as use of critical treatment pathways, specialized nursing services, or electronic care prompts). Fifth, the mortality rate of the 472 patients excluded due to missing data on the specialty of the primary inpatient service was 2-fold higher than the overall mortality rate of the analysis cohort, so exclusion of these patients may have biased the results. Sixth, only tertiary hospitals with full revascularization capabilities were included in the present analysis, so our results may not be generalizable to nontertiary hospitals. Also, the timeline of the present study spanned the release of the revisions to the NSTE ACS guidelines (March 2002), so our analysis may not have been long enough to fully evaluate the dissemination of these new recommendations to all specialties. 2 Another general limitation of large observational databases such as CRUSADE is that data are frequently incomplete. When certain covariates are not captured on all individuals, it cannot be assumed that the pattern of missing data is completely at random. In fact, we usually make an assump- 
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tion that a variable is "missing at random," meaning that a variable's absence is not a consequence of what would have been observed for that variable, but it may be related to other observed variables in the database. Although the GEE analysis we used has the capability of efficiently accounting for clustering in a very large database, it cannot be guaranteed to be unbiased. A weighted GEE analysis is sometimes recommended for data that have a missing-at-random pattern, but this modification is technically not feasible in such a large, complex database as CRUSADE with hundreds of possible missing value patterns and a mixture of binary and continuous variables. However, in addition to the GEE analysis presented in the present report, we performed a number of sensitivity analyses to provide assurance that our results were robust to the missing data.
Conclusions
We have demonstrated that patients with NSTE ACS primarily cared for by a cardiology service were younger and had fewer comorbidities than those primarily cared for by a noncardiology service, were more likely to receive evidencebased therapies, and had a lower risk of mortality. However, our findings from contemporary US practice highlight the difficulties of accurately determining the association of cardiology care with the treatment and outcomes of NSTE ACS patients and suggest that studies with real-time, prospective data collection are needed to further delineate the impact of specialty care. All values are percentages. GP indicates glycoprotein. *Patients categorized based on the propensity to receive care from a cardiology service into 5 equal groups ranging from those least likely to receive care from a cardiology service (group 1) to those most likely to receive care from a cardiology service (group 5). †Medications administered Յ24 h to patients without contraindications. ‡Includes unfractionated and low-molecular weight heparin.
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